CONTAMINATION BY ARSENIC AND LEAD IN RESIDENTS FROM VIETNAM by Agusa, T et al.
Osaka University
Title CONTAMINATION BY ARSENIC AND LEAD INRESIDENTS FROM VIETNAM
Author(s)
Agusa, T.; Inoue, S.; Kunito, T.; T., B. Minh; N., P.C. Tu; N.,
N. Ha; P., T.K. Trang; Iwata, H.; B., C. Tuyen; P., H. Viet;
Tanabe, S.
Citation
Annual Report of FY 2007, The Core University Program
between Japan Society for the Promotion of Science (JSPS) and







CONTAMINATION BY ARSENIC AND LEAD IN RESIDENTS FROM VIETNAM 
T. Agusa*, S. Inoue**, T. Kunito***, T.B. Minh*, N.P.C. Tu****,*****, N.N. Ha*,*****, P.T.K. 
Trang******, H. Iwata*, B.C. Tuyen*****, P.R. Viet****** and S. Tanabe* 
* Center for Marine Environmental Studies (CMES), Ehime University, Matsuyama, Japan 
** Japan Food Hygiene Association, Tokyo, Japan 
*** Faculty of Science, Shinshu University, Matsumoto, Japan 
**** Faculty of Agriculture, Ehime University, Matsuyama, Japan 
***** Research Center for Environmental Technology and Natural Resource Management, Nong 
Lam University, Ho Chi Minh, Vietnam 
****** Center for Environmental Technology and Sustainable Development (CETASD), Hanoi 
National University, Hanoi, Vietnam 
ABSTRACT 
In this review, we summarized the contamination status of As and Pb in residents from 
Vietnam obtained in our previous studies. Concentrations of As in groundwater from the Red 
River Delta and the Mekong River Delta were <0.1 - 486 llg/l and about 33 % of these samples had 
concentrations exceeding the WHO drinking water guideline value of 10 llg/i. Significant positive 
cOlTelations were observed between concentrations of As in groundwater and human hair and urine 
of residents, indicating that people are exposed to As through drinking water and hence potential 
health risk of As is of great concern for these people. Concentrations of blood Pb in Vietnam were 
2.42 - 27.4 llg/dl, with some donors having levels exceeding threshold concentrations of blood Pb 
for toxic effects. Blood Pb levels showed negative cOlTelation with 6-aminolevulinic acid 
dehydratase activities, indicating suppression of heme synthesis by Pb. Air dusts showed high Pb 
concentrations and those Pb isotope ratios were similar to human blood. Thus, air dust may be one 
of the exposure sources of Pb to Vietnamese. 
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INTRODUCTION 
Contamination by arsenic (As) in groundwater has caused environmental health issues in 
the world, especially in Bangladesh and West Bengal in India (Nordstrom, 2002; Smedley and 
Kinniburgh,2002). Around the Red River Delta in Vietnam, Berg et ai. (2001) found elevated As 
concentrations (up to 3050 llg/l) in the groundwater, far exceeding the WHO drinking water 
guideline (10 llg/l). Furthermore, As contamination in groundwater from Mekong River Delta, 
South Vietnam was reported recently (Nga et aI., 2003; Trang et aI., 2005; Shinkai et aI., 2007). 
These results attract great concern on contamination status and health risk in the residents exposed 
to high levels of As through the consumption of groundwater. 
Since economic growth and population have remarkably increased in many Asian 
developing countries, environmental pollution is also becoming serious problem, especially in 
urban areas. Lead (Pb) is widely distributed in the environment and is toxic even at low exposure 
levels, especially to fetuses and children (ATSDR, 1998). On the other hand, there are very few 
information on the contamination status by Pb in Asian developing countries. Furthermore, 
reports on the assessment of toxics effect by Pb exposure in humans are not available from Asian 
developing countries. 
We have investigated contamination by As and Pb in Vietnam since 2001. This study 
summarizes recent results on As and Pb pollution in Vietnam obtained in our previous studies 
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(Agusa et aI., 2004, 2005, 2006a, 2006b, 2007; Iwata et aI., 2007). 
MATERIALS AND METHODS 
Groundwater, human hair and urine samples were collected from Gia Lam, Than Tri, Ha 
Tay and Ha Nam Provinces in the Red River Delta and An Giang, Ben Tre, Can Tho, Dong Thap, 
Ho Chi Minh, Long An, Soc Trang, Tien Giang and Vinh Long Provinces in the Mekong River 
Delta during 2001 to 2004. Human blood and air dust samples were collected from downtown and 
farming village in Hanoi in 2003 and 2004. The informed consent was obtained from all the 
donors and the samples were collected in an ethical manner. Collected samples were kept at 
-20°C and 4 °C in the Environmental Specimen Bank for Global Monitoring (es-BANK), Center 
for Marine Environmental Studies (CMES), Ehime University, Japan (Tanabe, 2006) for elemental 
and o-aminolevulinic acid dehydratase (ALAD) analyses, respectively. 
Total As concentrations in groundwater and human hair were measured with a hydride 
generation atomic absorption spectrometer (HG-AAS)(Shimadzu HVG-I hydride system coupled to 
a Shimadzu-AA680 AAS)(Agusa et aI., 2004). Five arsenicals, dimethylarsinic acid (DMA[V]), 
monomethylarsonic acid (MMA[V]), arsenite (As [III]), arsenate (As[V]) and arsenobetaine (AB) 
were detennined in urine samples with a high performance liquid chromatograph (Shimadzu, 
LCIOA Series) inductively coupled mass spectrometer (Hewlett-Packard, HP-4500). Total As 
concentration in urine was represented as the sum of As compounds detected by this procedure. 
Analyses of lead concentrations and isotope ratios in human blood and air dust were performed by 
ICP-MS. Activities of ALAD in blood were determined at the Occupational Poisoning Center, 
Tokyo Rosai Hospital, Japan (Ushio et aI., 1975). 
RESULTS AND DISCUSSION 
Arsenic contamination 
Arsenic concentrations in groundwater 
were in the range of < 0.1 - 486 Ilg/l (Table 1). 
The levels in groundwater collected from the Red 
River Delta were relatively higher than those from 
the Mekong River Delta. Concentrations of As in 
our studies (Agusa et aI., 2005, 2006; Inoue et aI., 
in preparation) were comparable to or lower than 
those of other studies in Vietnam (Berg et aI., 
2001; Nga et aI., 2003; Shinkai et aI., 2007; Trang 
et aI., 2005)(Table 1). Arsenic levels in about 
33 % of groundwater samples exceeded over 
WHO drinking water guideline (10 Ilg/l) of As for 
human health risk (WHO, 2004). A significant 
positive cOlTelation between As concentrations in 
groundwater and hair of residents in Gia Lam and 
Thanh Tri was observed (p < 0.001). Since 
ingested inorganic As is methylated and excreted 
through the urine in humans (Styblo et aI., 2002), 
analysis of As compounds is needed to assess 
exposure status and metabolic capacity of As in 
human. Although AB, which may be derived 
from consumption of seafood, was detected in the 
urine of some donors, DMA[V] was the most 
predominant compound in almost all the residents 
from Ha Nam and Ha Tay. Furthermore, 
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Table 1. Concentrations (It gil) of As in groudllwater from the Red River and the 
ckong River Delt:ls in Vietnam. 
Location 
" 
l\tean and range !\lcdiall References 
Red River De-Itn 
GiaLam II 10.8 «0 I ~ 38 2) 50 A~sa et aI., 2006 
HaNam 10 209 (3.0 - 486) 256 A£!-!sa et al., 2005 
Ha Tay 13 209(132·344) 194 Agusa et aL 2005 
Thanh Tn 14 440«01·330) 15 Al§.lsa et aJ • 2006 
DongAnh 48 31 «1 ·220) Berg et aI., 200 1 
GiaLam 55 127 (2 • 3050) Berg et al.. 200 1 
Thanh Tn 45 432 (9·30]0) Berg et aI., 200 1 
TuLiem 48 67 (I - 230) Berget al, 200] 
Ha Dinh 5 92.6 Ng;. et aI., 2003 
Luong Ycn 22.8 Npa et al. 2003 
MaiDich II ;-..Jg::tct aL, 2003 
NgJCUa 16 :-.Jgl ct aI., 2003 
~!!JcSi Lien IA Ng::tet aI., 2003 
Phap Van 67.3 Nga ct al , 2003 
TuongMai -14.5 N£p. et aL, 2003 
Yen Phu 40.5 :..'gtet aI, 2003 
Red River Delta 83 140(U -460) Trangel aI., ZOOS 
Mekong Riycr Delta 
An Giang 24 5A «0, 1- 71.2) 13 Inoue et aI., in preparation 
Ben Tre 2 666(47.0,861) 66.6 Inoue ct aL, in preparation 
Can Tho 42 37 «0.1 - 23.0) 20 Inoue et aL, in preparation 
DongThap 12 965«01-411) 08 Inoue et aI., in preparation 
BoChi Minh \0 5.5 «0.1 - 3Z.7) 05 Inoue et aI , in preparation 
LongAn 6 135 «0.1 -30.4) 13.3 Inoue et aI , in preparation 
Soc Trang 6.0 «0.1 - 12.0) 6.0 Inoue et al , in preparation 
Tien Giang 10 7.7 «0.1 - 29.5) 56 Inoue et aL, in preparation 
Vinh Long 10 1.5 «0.1 -4.5) 0.8 Inoue ct aI .. in preparation 
DongThap (1.6- 321) Shinkai et aL, 2007 
Tien Giang (09- 8.8) Shinkai ct aL, 2007 
~v1ekongRiver Delta III 39 «I - S50) Tranget aL, 2005 
inorganic arsenicals (As [III] and As[V]) were also found in the urine samples. Similar to the 
results on human hair, there was a significant positive conelation (p < 0.01) between As 
concentrations in groundwater and urine. Moreover, urinary DMA[V] (p < 0.01), MMA[V] (p < 
0.01), As[III] (p < 0.01) and As[V] (p < 0.001) concentrations were also positively conelated with 
As concentrations in groundwater. These results suggest that As contamination in groundwater 
may be present not only in certain areas but also widely distributed in both Red River and Mekong 
River Deltas and residents in these regions are exposed to As through drinking water. 
Lead contamination 
Lead was detected in all human blood samples and 120,..--------------, 
the levels were from 2.42 ~g/dl to 27.4 ~g/di. Blood Pb 
concentrations of residents from urban site were slightly ~ 
higher than those from control site although significant ~ 80 
difference was not noticed. Lead levels in blood in this ~ 
study were comparable to or higher than other Asian :~.' 60 
countries and developed countries. Concentrations in blood ~ 
of SOine residents exceeded the levels associated with toxic ~ 40 
effects of lead such as hypeliension in adult (10 ~g/dl) :;! 20 
(Occupational Safety and Health Reporter) and development 
100 
of inhibition for intelligence in fetus (20-30 ~g/dl) 
(Silberbeld et aI., 2000). Significant negative conelation 
between Pb concentrations and ALAD activities in blood 
10 
y; -3.35x + 99.5 
R2;O.73 
p<O.OOI 
IS 20 25 
Ph concentration in blood (J.1g/dl) 
30 
were observed in the residents from Vietnam (R2 = 0.73, Fig. 1. Relationship betwecn Pb conccntration and 
b-aminolcvulinic acid dehydratasc in blood of 
p<O.OO 1) (Fig. 1), suggesting suppression of heme sidcnts from Vietnam. 
biosynthesis in these residents. Concentrations of Pb in some air dust samples were over WHO 
guideline value (400 ng/m3) for Pb of air (WHO, 2000). This result showing that lead isotopic 
ratios in human blood were similar to those in air dust indicates that air dust may be one of the 
sources for Pb exposure to these populations. 
CONCLUSIONS 
Our results on As and Pb contamination in Vietnam lead following conclusions; 1) high 
contaminations by As and Pb may be present in Vietnam and 2) people may be exposed to high 
concentrations of As and Pb through drinking water and air dust, respectively. To understand 
health effects in these population, fmiher research on toxicological assessment is required. 
International technical and financial assistances are also needed to improve the contamination by 
these elements. 
ACKNOWLEDGEMENT 
We are most grateful to Dr. A. Subranlanian, CMES, Ehime University, Japan for critical 
reading of the manuscript. The authors wish to thank the staff of CETASD, Hanoi National 
University, Hanoi and Nong Lam University, Ho Chi Minh, Vietnam. We also acknowledge Mr. 
M. Kunimoto and Ms. N. Tsunehiro, staff in es-BANK, CMES, Ehime University, Japan for their 
suppOli in sample management. This study was supported by Japan Society for the Promotion of 
Science (JSPS) for the cooperative research program under the Core University Program between 
JSPS and Vietnamese Academy of Science and Technology, and grants from Research Revolution 
2002 (RR2002) Project for Sustainable Coexistence of Human, Nature and the Emih (FY2002), and 
21st Century and Global COE Programs from Ministry of Education, Culture, Sports, Science and 
Technology (MEXT) and JSPS. 
REFERENCES 
Agency for Toxic Substances and Disease Registry (ATSDR) (1998) The nature and extent of lead 
-95-
poisoning in children in the United States: A report to congress. U. S. Department of Health 
Human Series, ATSDR, Atlanta, Georgia, USA. 
Agusa, T., Kunito, T., Fujihara, J., Kubota, R., Minh, T.B., Trang, P.T.K., Subramanian, A., Iwata, 
H., Viet, P.H., Tanabe, S. (2004) Contamination by trace elements in groundwater of 
Vietnam. Biomed. Res. Trace Elem. 15,339-34l. 
Agusa, T., Inoue, S., Kunito, T., Kubota, R., Minh, T.B., Trang, P.T.K., Subramanian, A., Iwata, H., 
Viet, P.H., Tanabe. S. (2005) Widely-distributed arsenic pollution in groundwater in the Red 
River Delta, Vietnam. Biomed. Res. Trace Elem. 16,296-298. 
Agusa, T., Kunito, T., Fujihara, J., Kubota, R., Minh, T.B., Trang, P.T.K., Iwata, H., Subramanian, 
A., Viet, P.H., Tanabe, S. (2006a) Contamination by arsenic and other trace elements in 
tube-well water and its risk assessment to humans in Hanoi, Vietnam. Environ. Pollut. 139, 
95-106. 
Agusa, T., Kunito, T., Ramu, K., Chamnan, C., Trang, P.T.K., Minh, T.B., Subramanian, A., Iwata, 
H., Viet, P.H., Tana, T.S., Tanabe, S. (2006b) Lead contamination and its human health 
effects in India, Vietnam and Cambodia. Biomed. Res. Trace Elem. 17,413-416. 
Agusa, T., Kubota, R., Kunito, T., Minh, T.B., Trang, P.T.K., Chamnan, c., Iwata, H., Viet, P.H., 
Tana, T.S., Tanabe, S. (2007) Arsenic pollution in groundwater of Vietnam and Cambodia: a 
review. Biomed. Res. Trace Elem. 18,35-47. 
Berg, M., Tran, H.C., Nguyen, T.C., Pham, H.Y., Schertenleib, R., Giger, W. (2001) Arsenic 
contamination of groundwater and drinking water in Vietnam: a human health threat. 
Environ. Sci. Techno!. 35,2621-2626. 
Iwata, H., Kim, E.-Y., Yamauchi, M., Inoue, S., Agusa, T., Tanabe, S. (2007) Chemical 
contamination in aquatic ecosystems. Yakugaku Zasshi, 127,417-428 (in Japanese). 
Nga, T. T. V., Inoue, M., Khatiwada, N. R., Takizawa, S. (2003) Heavy metal tracers for the 
analysis of groundwater contamination: Case study in Hanoi City, Vietnam. Wat. Sci. 
Techno!. 3, 343-350. 
Nordstrom, D.K. (2002) Worldwide OCCUlTences of arsenic in ground water. Science 296, 
2143-2145. 
Occupational Safety and Health Reporter (1993) 6-2-93, 6-71. 
Shinkai, Y., Duong, V. T., Sumi, D., Canh, D. and Kumagai, Y. (2007) Arsenic and other metal 
contamination of groundwater in the Mekong River Delta, Vietnam. J Health Sci. 53, 
344-346. 
Silbergeld, E., Nash, D. (2000) Lead and human health: is this mine exhausted? Prog. Environ. Sci. 
2,53-68. 
Smedley, P.L., Kinniburgh, D.G. (2002) A review of the source, behaviour and distribution of 
arsenic in natural waters. App!. Geochem. 17,517-568. 
Styblo, M., Drobna, Z., Jaspers, 1., Lin, S., Thomas, DJ. (2002) The role of biomethylation in 
toxicity and carcinogenicity of arsenic: A research update. Environ. Health Perspect. 110, 
767-77l. 
Tanabe, S. (2006) Environmental Specimen Bank in Ehime University (es-BANK), Japan for global 
monitoring. J Environ. Monit. 8, 782-790. 
Trang, P.T.K., Berg, M., Viet, P.H., Van Mui, N., Van Der Meer, J.R. (2005) Bacterial bioassay for 
rapid and accurate analysis of arsenic in highly variable groundwater samples. Environ. Sci. 
Technol. 39,7625-7630. 
Ushio, K., Sakai, T., Yanagisawa, S., Watanabe, H. (1975) Properties of ALA-D (6-aminolevulinic 
acid dehydratase) and the evaluation of lead exposure using heat activation. Jpn. J lnd. 
Health 17,475-482. 
World Health Organization (WHO) (2000) Air Quality Guidelines for Europe. 2nd edition, World 
Health Organization Regional Office for Europe, Copenhagen, Denmark. 
World Health Organization (WHO) (2004) Guidelines for Drinking Water Quality. 3rd edition, 
World Health Organization, Geneva, Switzerland. 
-96-
